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Zinc Oxide (ZnO) nanoparticles have been prepared through the wet chemical route at a low temperature of 600C and dried at 800C 
for 5hrs using zinc acetate dehydrate as a starting material. The as-prepared powder was doped with dual acceptor (Na,N) at 5 and 
10% molar concentration using Sodium Acetate and Ammonium Acetate as Na and N source, respectively. AAS, FTIR, XRD, UV-
VIS Spectroscopy, and Hall measurement were used to study the metallic element present, chemical bonding, structural 
morphology, optical, and electrical properties of the nanoparticles, respectively. AAS revealed the presence of Zn and Na 
concentration within the standard range. The FTIR spectra observed at 480.28 cm-1 and 470.63 cm-1confirmed the Zn–O bond 
stretching. XRD results showed the formation of ZnO nanoparticles having polycrystalline single-phase nature with hexagonal 
wurtzite crystal structure. The crystallite size has been found to vary between 18.1nm and 21.6 nm with changes in the doping 
concentration of (Na,N). High transparency in the visible region (above 90%), narrowing of direct optical bandgap (3.46-3.01eV) 
as dopants increase because of the s–d and p–d exchange interactions, which introduce a negative and a positive correction to the 
conduction and the valence-band edges respectively showed distinct optical features. The electrical characterization of the dual-
doped (Na,N):ZnO exhibit p-type conductivity, with the lowest resistivity of 5.80×10-2 Ω-cm for the 10% molar concentration. 
These results make dual acceptor doped (Na,N):ZnO a promising material for application in photovoltaic solar cells and other 
optoelectronics devices. 

 

1. Introduction 
 
Nanomaterials are being widely investigated because of 
their fascinating optical, electronic and mechanical 
properties [1]. Semiconductor nanoparticles (NPs) in 
particular have been found to have large surface area to 
volume ratio, unique optical and electronic properties 
compared to those of their bulk counterpart [2]. ZnO is an 
II–VI compound semiconductor transparent oxide; with a 
relatively large direct band gap of ~3.37 eV at room 
temperature. It becomes an attractive candidate to replace 
the standard transparent conducting oxide called indium 
tin oxide (ITO) for being rare and expensive; especially if 
doped with impurities, as this improve the electrical, 
structural and optical features of ZnO.  
    ZnO is a naturally n-type degenerate semiconductor 
and the lack of p-type conductivity continues to impede 
the development as it suffers greatly from the doping 
asymmetry problem, in that it can be doped n-type rather 
easily, but p-type proved to be a formidable challenge, 
which from a practical point of view has not been 
conquered yet. In general, the doping problem arises from 
the fact that wide-gap semiconductors either have a low 
valence-band maximum or a high conduction-band 
minimum [3,4]. 
 
Known acceptors used in achieving p-type ZnO are group 
IA elements (Li, Na, K), group IB elements (Cu, Ag, Au), 
group III elements (B, Al, Ga, In), group VA elements (N, 
P, As, Sb), and Zn vacancies depending on the application 
to be achieved. Intrinsic p-doping via Zn-vacancies is not 
reliable, because it is difficult to control the needed small 
deviations from stoichiometry and stability of non-

equilibrium point defects. Therefore, the main approach 
for achieving p-type ZnO is the substitution of some of 
the host matrix elements with acceptor impurities.  
 
One possible approach is the introduction of a group IA 
element, such as Li, Na, and K on Zn sites. As predicted 
by the density functional theory (DFT) [5], Li, Na, and K 
form acceptor levels at 0.09, 0.17, and 0.32meV above the 
maximum of the valence band, respectively. However, 
doping with group IA elements suffers from their very 
high diffusivities as well as self-compensation by 
occupying interstitial positions where they act as donors 
[6]. For instance, doping with lithium creates semi-
insulating ZnO [7] because of additional interstitial Li 
atoms acting as donors [8] compensating the acceptors.  
 
Dual-doping techniques are the newly introduced method 
that may fabricate stable p-type ZnO and has attracted 
attention in recent years [9]. Different groups have 
reported N co-doped with Li and Al. This resulted in Li 
forming LiZn−Li i, LiZn−H complexes [10], disappearance 
of p-type conductivity over time [11] and instability 
charge carrier type at higher annealing temperature [12]. 
This might be as a result of acceptor elements chose 
(elements has different atomic radius and energy 
formation), higher post heat treatment (causes the solid 
phase reaction and diffusion between the materials) and 
inability to control the material composition and 
stoichiometry (method of synthesis adopted). Homo-
junction light-emitting diodes utilizing p-type ZnO doped 
with Na have also been reported recently [13]. P-type 
layers showed hole concentration varying from 4.85x1017 

cm-3 to 4.7x1018 cm-3 with low Hall mobility ranging from 
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0.12 to 1.42 cm2/Vs. Also, the ionization energy of Na 
acceptor was found to be 0.164 eV in agreement with the 
theoretical value of 0.17 eV [8]. 
 
A wide range of synthetic methods are currently available 
for developing different morphologies of ZnO 
nanostructures, which result in a variety of material 
applications. These include hydrothermal [14], sol–gel 
organometallic [15], pyrolysis [16], laser ablation, and 
vapour phase epitaxial growth [17] with each method 
unique and their result most often differs depending on 
the experimental parameters. 
 
We, therefore, reported p-type dual-doped acceptor 
(Na,N):ZnO by wet chemical method since research on 
the combination of this two acceptor elements is rare. 
Also, the method used is simple, cost effective and offers 
an extremely easy way for preparing nanoparticles of 
desired composition and stoichiometry. 

 
2. Experimental Details 

2.1 Synthesis 
 

The precursor was prepared by adding 25ml of distilled 
water to 0.65g of Zinc Acetate Dehydrate at room 
temperature, (Sodium Acetate, Ammonium Acetate as 
sodium and nitrogen source was added to the starting 
solution of Zinc Acetate Dehydrate with the atomic ratio 
of Na and N being 6:2. This procedure was repeated for 
5%, and 10% dopant concentration for the dual doped 
sample. 1.83 ml of Ammonium hydroxide was then added 
in drop with continuous stirring for 15 minutes using a 
magnetic stirrer until a homogeneous and stable colloid 
solution was formed. Thereafter, 11.65 ml of sodium 
hydroxide was added to the homogenous solution forming 
transparent white solutions and stirred for 1 hour at room 
temperature.  
 
The overall solution was heated at 600C for 3 hours in an 
oven and rinsed with distilled water and ethanol, then 
filtered (as ethanol can react more easily to form a 
polymer precursor with a higher polymerization degree of 
hydroxyl complex to form “Zn–O–Zn” bridges). The 
precipitate residues obtained were dried at 800C for 5 
hours in a furnace. 

 
2.2 Characterization Techniques 

 
The concentration of the metallic elements present in the 
nanoparticles synthesized was determined using Atomic 
Absorption Spectrophotometer AAS (Model: BUCK 
Scientific ACCUSYS 211) and Flame Photometer 
(Model: Sherwood 410). The chemical bonding and 

spectra features was analysed by Fourier Transform 
Infrared (Spectrum 65, Shimadzu) in the range of 4000–
400 cm-1 with a resolution of 1cm-1.The structural 
characteristics were studied by P'analytical System X-ray 
Diffractometer XRD (Model: DY-1656) using CuKα 
radiation (λ= 1.5406 Å) over a 2θ range of 20°–80°.The 
electrical resistivity was obtained using the van der Pauw 
four-point probe technique (KEITHLEY 2400), while 
carrier concentration, carrier type and mobility were 
obtained by Ecopia Hall Measurement System (HMS-
5000) at a constant magnetic field strength 0.42T. The 
UV-Vis optical spectra were obtained with the help of 
automated spectrophotometer (Shimadzu, UV-6800) in 
the wavelength range of 200 to 620 nm. 

 
3. Results and Discussion 

3.1 Elemental Characterization 

 
The qualitative and quantitative determination of the 
metallic elements present in the un-doped and doped 
nanoparticles was characterized by Atomic Absorption 
Spectrophotometer and Flame Photometer. The table 
below showed the standard and observed characteristic 
concentration of the synthesized dual- doped (Na,N):ZnO 
nanoparticles. 

 
 

Table 1. Standard and Sample Concentration 

characteristics of Dual-Doped ZnO 
 
 
According to the obtained result, both the un-doped and 
dual-doped ZnO concentration falls within the standard 
range, revealing the uniqueness of the wet chemical 
synthesis. Moreover, addition of impurities resulted in an 
increment of the ZnO concentration, which can be 
attributed to the increase in ZnO growth. 

 
3.2 Functional Characterization 

 
The determination of the chemical bonding in the 
prepared nanoparticles was studied using Fourier 
Transform Infrared.  

Elements Standard 
Concentration 

(mg/L) 

Synthesized Sample 
Concentration (mg/L) 
Un-doped    Dual-Doped 

Zinc (Zn) 0.5 – 1.5 0.92 1.01 

Sodium 
(Na) 

1.2 – 2.5 ------ 2.3 
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Fig. 1. FTIR absorption spectra of Un-doped and dual-doped ZnO Nanoparticles 

The Infrared modes 380-750cm-1 corresponds to Zn–
O bond in prepared nanoparticles; with the strongest 
around 380-550cm-1 [18]. Therefore, the absorption 
spectra band observed at 480.28 and 470.63 cm-1 for 
the un-doped and dual-doped sample can be attributed 
to the ZnO stretching vibration [19]. The vibrational 
mode at 831.32cm-1common to the both sample due to 
substitutional hydrogen at oxygen site (HO) bound to 
the lattice Zn site (i.e., Zn–HO). This substitutional 
hydrogen may act as a shallow donor in ZnO [20]. 
 
The modes around 1000–1550 cm-1 were observed for 
both samples and these modes were usually assigned 
to O__C=O (symmetric and asymmetric stretching) 
vibrations due to ambient environment [21]. The band 
at 1745.58cm-1 and 1843.95cm1 observed in the un-
doped and dual-doped ZnO was a characteristic of 
(COO__Zn) stretching due to partial decomposition of 
Zinc Acetate Dehydrate during the synthesis [22]. 
C__H local vibrational modes between 2800 and 3100 
cm−1 have been observed in a number of 
semiconductor such as amorphous silicon carbon (a-
SiC:H), GaAs, and GaN [23]. 

 In these materials the local vibrational modes of 
2935.66 and 2927.94cm-1 were assigned to C__H 
stretching modes. 
 
The broad absorption spectra band at 3392.79-
3749.62cm-1 for un-doped sample and 3412.08-
3950.22cm-1 for dual-doped sample were attributed to 
the O__H stretch of the hydroxyl vibration due to the 
presence of hydrated H2O molecules. Hence indicates 
more hydration of the dual-doped samples with 
additional peaks. 
 

3.3 Structural Characterization 
 
Fig. 2. showed the X-ray Diffraction pattern of dual 
acceptor doped (Na,N):ZnO. The XRD pattern was 
obtained in 2θ range of 20–80°, with Cu Kα radiation 
source (λ=1.5402 Å) to determine their crystal 
structure and phase orientation. 
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Fig. 2. XRD pattern of un-doped and dual-doped ZnO Nanoparticle

 
The diffraction peaks in Fig. 2 located at 31.75◦, 
34.56◦,36.23◦,47.59◦, 56.58◦, and 67.69◦ corresponding 
to crystal orientation (100), (002), (101), (102), (110), 
and (201) matched (JCPDS card 79-0205), and have 

been keenly indexed as hexagonal wurtzite phase of 
ZnO. The absence of secondary phases indicates that 
dopants did not alter the wurtzite structure of ZnO. 
 

UN-DOPED 

DUAL-DOPED 
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The dual doped ZnO revealed unobvious XRD 
patterns of ZnO as a result of impurities, suggesting 
that the dual-doping with Na and N strongly affects the 
crystallization of ZnO leading to higher degree of 
amorphousity of ZnO. This makes Zinc Oxide a 
prospective candidate for transparent amorphous 
oxides. 
 
Usually, ZnO prefer to grow in (002) orientation due 
to low surface energy of formation. Un-doped ZnO 
had the strongest reflection at (101) plane, which was 
the densest plane of this sample showing after growth 
orientation. On the other hand, dual-doped had the 
strongest reflection at (100), the densest plane of this 
sample showing an initial growth. Recent reports on 
nitrogen doped ZnO revealed the presence of the (100) 
crystal orientation related to the presence of nitrogen 
on the Zinc Oxide compound [24]. 
 
The crystallite size D was calculated from the Debye- 
Scherer formula.  

   (1) 

 
Where: �, �, k, �are X-ray wavelength (1.5402 Å), full 
width at half maximum of the diffraction peak, Debye 
Scherrer Constant (0.94), and the diffraction angle, 
respectively. 
 
The average crystallite size of un-doped and dual-
doped ZnO was 18.1 nm and 21.6 nm respectively. 
This confirms nanoscale size of the synthesized ZnO 
and the incorporation of (Na,N) ions on Zn and O 
substitutional or interstitial sites which improve the 
stoichiometry and solubility of dual doped ZnO. 
 
As shown in Table 1, The Inter-planar spacing (����), 
was calculated using the Bragg’s relation. 
 

    (2) 
 
The d spacing value was high in dual-doped sample 
compared to un-doped. This could be as a result of the 
difference in ionic radius between Na+ (102 pm) and 
Zn2+ (74pm), N (171nm) and O (140nm). Higher ionic 
radius replaced lower ionic radius at their site, 
redistribute the atom and contribute to inter planar 
spacing [25]. Hence, the replacement of larger ion on 
smaller ionic site increases the d spacing.  
 
The dislocation or defect density was calculated by the 
formula:  

   (3) 

 

The value for un-doped and dual-doped ZnO were 
3.05 × 10−3nm−2and 4.57 ×10−3nm−2, respectively. 
This confirmed that the un-doped ZnO is purer with 
lesser defects because the lower the dislocation density 
the better is the quality of the crystallized powder [26]. 
 
However, the presence of local lattice disorders may 
lead to obvious reduction in intensities of XRD peaks 
(Fig. 1) attributed to destroyed periodicities in crystal 
planes. 
 

The residual stress for the as-prepared (Na,N):ZnO 
were calculated using the formula: 

  (4) 

Where c0 is (5.2066Å) - the unstrained ZnO lattice 
constant.  
 
The value was 0.0448 GPa and −0.0850 GPa for both 
un-doped and dual-doped sample, respectively. The 
negative sign indicates that the residual stress in the 
dual-doped ZnO was compressive with elongated 
lattice constant [27]. The decrease in the residual stress 
with dual doping may be attributed to the decrease in 
diffusion and the rate of reaction between the free zinc 
and oxygen due to Na, N incorporation, which led to 
an increase in their concentration (as confirmed from 
the AAS result), thereby create a tension in the lattice 
constant during the growth process. 
 
The Lattice Constant was also evaluated using the 
formula: 

 (5) 

 
The values of a and c were 3.2479Å and 5.2056Å; 
3.2528Å and 5.2085Å for un-doped and dual-doped, 
respectively. The standard values of a and c for the 
hexagonal structure of ZnO were 3.253Å and 5.265Å. 
Hence, these standard values were very close to our 
reported values. 
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Table 2. Crystal Structural Parameters of Un-doped and dual-doped ZnO 
 
 

3.4 Electrical Characterization 
 
 

Fig. 3. Typical I-V characteristics of synthesized Un-
doped and Dual-Doped ZnO Nanoparticles. 
 

 
The electrical properties of dual-doped (Na,N):ZnO 
NPs were shown in the graph as measured using 4-
Point Probe technique to understand the (I-V) 
characteristics. 

 
The non-linear curve for both sample as shown in 
Fig.3. confirmed the synthesized sample is a 
semiconductor being non-ohmic. The current 
increases as more dopants were introduced.  
 
Also, the graph showed the resistance of 10% dual 
doped ZnO was the lowest. This was due to the free 
electron that will be generated with low resistance. 
The substitution of Na with Zn and N with O produces 
free electron that increase the carrier concentration in 
nanoparticles. 
 
The nature (p or n-type) of conduction in the 
(Na,N):ZnO NPs was also determined in Table 2 
below based on Hall measurement. Prior the 
measurement, samples were cut in 0.5×1.5cm2 and 
silver metal ohmic contacts performed and tested. 
 
According to table 3.4, the un-doped ZnO 
nanoparticles showed n-type conductivity, highest 
resistivity of 3.296×103Ωcm with lowest carrier 
concentration of 5.67×1015cm-3. The source of this 
conductivity is due to intrinsic defects such as oxygen 
vacancies (VO) [28, 29], acting as deep donors, 
interstitial Zn (ZnI) [30] and Zn anti-sites (ZnO

2+) 
forming shallow donor levels [29], and background 
hydrogen acting as donor at interstitial sites [31].  

The dual-doped ZnO showed p-type conductivity, 
increase in carrier concentration (~1017 to 1018 cm-3), 
with 10% (Na,N):ZnO having the lowest resistivity 
(0.058 Ωcm).The decrease in electrical resistivity in 
as-grown dual doped NPs can be interpreted mainly by 
the increase in free carrier concentration provided by 
Na and N ions acting as (NaZn-NO) acceptor complex 

Parameters 
 
  

Samples 

Avg.  
Crystallite 

Size D (nm) 

Inter-planar Spacing 
dhkl(Å) 

 
   d100                     d002 

Defect 
Density 
ẟ(nm-2) 

Residual 
Stress: 
σ(GPa) 

Lattice 
 Constants 

(Å) 

A c 
Un-doped ZnO 18.1 2.8127 2.6028 3.05×10-3 0.0448 3.2479 5.2056 

Dual Doped ZnO 21.6 2.8162 2.6043 4.57×10-3 -0.0850 3.2528 5.2085 
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formation when incorporated in substitutional or 
interstitial positions [32]. Another reason was due to 
the improvement of crystal quality and the consequent 
increment in mobility, as mobility is enhanced by the 
increase in grain size (reported in the structural 
characterization). The increase in carrier concentration 
could be attributed to the ionization of oxygen 
vacancies (Vo) followed by oxygen annihilation from 
the ZnO crystals and by desorption of oxygen in the 

grain boundaries which acts as traps for the carriers 
[33].  

 

 

 

Table 3. Electrical properties of as grown Na-N dual acceptor doped ZnO NPs

Samples Resistivity 
(Ω cm) 

Conductivity 
(Ω cm)-1 

Hall 
Coefficient 

(cm3/C) 

Charge 
Density 
(Ccm-3) 

Mobility 
(cm2V-1s-1) 

Carrier 
concentration 

(cm-3) 

Carrier 
type 

Undoped 3.296×103 3.033×10-4 1101.20 9.081×10-
4 

0.334 5.67×1015 n 

5% Doped 0.144 6.944 7.692 1.3×10-1 53.4 8.125×1017 p 

10% Doped 0.058 17.241 2.071 4.829×10-

1 
35.7 3.018×1018 p 

3.5  Optical Characterization 

The optical properties of Na-N dual-doped ZnO 
nanoparticles were investigated using UV-VIS 
Spectrophotometer in the wavelength range 200-620 
nm.  

3.5.1  Absorption Analysis 

The absorption spectrum of ZnO nano-powder is 
shown in Figure 3.5.1. The absorption peak at about 
248nm due to the ZnO nanoparticles lies much below 
the band gap wavelength of bulk ZnO (388nm) and 
hence indicates monodispersed nature of the 
nanoparticle distribution [34]. The result was in 
accordance with the bandgap value of the bulk ZnO 
(3.37 eV) in which ZnO absorbs only a small portion 
of ultraviolet (UV) range.  

 
Fig. 4a. Absorption spectra of the Un-doped and 

Dual-Doped ZnO Nanoparticles 
Fig. 5b. Energy Bandgap of the Un-doped and Dual-

Doped ZnO Nanoparticles 
 
The optical bandgap (Eg) has been determined from 
the plots of (αhν)2 vs. photon energy (hν) for un-doped 
and dual-doped ZnO, respectively. The direct band 
gap energy was obtained from intercept on the energy 



The African Review of Physics (2018) 13: 0005 
 

36 

 

axis after extrapolation of the straight line section of 
(αhν)2 vs. hν curve calculated using Tauc’s relation, 
given by: 
 

n
gEhvAhv )( −=α    (6) 

 
Where α is the absorption coefficient, hυ is the photon 
energy, A is the constant, Eg is the bandgap of the 
sample. The value of n is ½ for ZnO (direct band 
structure).  

It has been found that, the values of band gap 
decreases with increasing (Na,N) dual-doped 
concentration. The bandgap of the un-doped ZnO was 
3.46eV, while the dual-doped sample decreases as 
dopants increases from 5% to 10% (3.38-3.01eV). The 
band gap was narrowed because of the s–d and p–d 
exchange interactions which introduce negative and 
positive correction to the conduction and the valence-
band edges, respectively [35]. 
 

3.5.2 Transmission Analysis 

Fig. 5. Transmission spectra of the Un-doped and 
Dual Doped ZnO Nanoparticles 

 
Fig. 5 showed the optical transmission spectra of as-
prepared dual doped ZnO. Un-doped, 5% and 10% 
sample were in the wavelength range of 200-620nm. 
There was a prominent transmission edge in the visible 
range (400-620nm), suggesting good quality of ZnO 
attained by wet chemical technique.  
 
Dual doped ZnO displayed significant enhanced 
transmittance in the visible region of 400-620 nm with 

more than 90% transparency. This was as a result of 
less absorption owing to optical interference effects 
making the possible to be used as window layers in 
photovoltaic solar cells. 

4.0 Conclusion 

Owing to cost efficiency and simplicity, wet chemical 
route proved to be a good technique for the preparation 
of dual acceptor doped (Na,N):ZnO nanoparticles. The 
effect of varying dopant’s concentration on the 
properties of ZnO resulted in the presence of a 
reasonably high conductive p-type nanoparticles 
(17.241(Ω cm)-1) with carrier concentrations above 
1018cm−3. This improvement was associated to 
changes in the crystal orientation from (002) to (100) 
and (101), related to (Na,N) incorporation that also led 
to changes in the surface morphology and increase in 
crystallite size (from 18.1-21.6nm).  
The high transmittance in the visible range (above 
90%) and decrease of the direct narrowing optical 
bandgap (3.46-3.01eV) with increasing dopants 
concentration makes dual acceptor doped (Na,N):ZnO 
a promising material for application in photovoltaic 
solar cells and other optoelectronics devices. 
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